SUMMARY
Differences in the relaxing effects of nifedipine, a so-called calcium antagonist, were studied in smooth muscle from different arteries of dogs. The common carotid artery (Car A), celiac artery (Cel A), superior mesenteric artery (SMA), renal artery (RA), femoral artery (FA), and coronary artery (Cor A) were helically cut, and their developed isometric tensions were recorded. High potassium contraction was induced in these strips, and, at the peak of developed tension, nifedipine (10-6M) was added. Relaxation curves induced by nifedipine were analyzed by a curve fitting method into two to three exponentials. arteries (p<0.005) and the coronary and the celiac arteries (p<0.005). There were also significant differences in k2 values between the renal and the celiac arteries (p<0.025). The k2 value for the coronary artery was larger than the remaining arterial k2 values (p<0.001 each). The k2 of the celiac artery was larger than that of the common carotid (p<0.005) and the femoral arteries (p<0.001). The k3 values of the renal and the superior mesenteric arteries showed no significant difference. The renal artery showed the smallest value (A01 fraction) (Table II) . There was no significant difference in this fraction among the celiac, common carotid, femoral and the coronary arteries. The value [(A02(+A03)
fraction)] for the renal artery was the largest and values for the celiac, common carotid, femoral and coronary arteries were not significantly different. These results show that nifedipine induces a rapid, nearly complete relaxation of the renal and the superior mesenteric arteries, and that it induces a rapid but limited relaxation of the coronary artery. In the other arteries examined in this study, nifedipine induces a relatively slow and limited relaxation.
DISCUSSION
Grun and Fleckenstein7) reported that nifedipine abolished the autoregulation of an isolated rabbit ear artery. It has been suggested that the calcium source utilized in the autoregulatory vascular control is of an extracellular origin.8) Thus, the influx of extracellular calcium ions plays an important role in the regulation of vascular smooth muscle tone. Nifedipine has been suggested to selectively inhibit the influx of extracellular calcium ions through the cell membrane.9) Fig. 1 . Nifedipine-induced relaxation curve of a renal arterial strip contracted in the presence of a high-potassium solution (A), and the analysis with a curve-fitting method (B).
A high potassium concentration in an incubation medium causes depolarization of the membrane of vascular smooth muscle, inducing a contraction. The plateau phase of the high potassium contraction may be considered as a state of equilibrium for calcium binding and removal of calcium from the contractile elements. When we completely interrupt the influx of calcium ions at the peak of a high potassium contraction, the relaxation curve may be considered to show the removal rate of calcium ions from the contractile mechanism. Thus, a difference in the rate of relaxation may reflect a difference in the rate of removal of calcium ions from the contractile mechanism of each vascular smooth muscle tissue. However, it is also conceivable that differential nifedipine sensitivity of smooth muscle from different arteries could produce different relaxation curves for each tissue, (with changes in A0i values), without underlying differences in the removal rate of calcium ions. Hashimoto et al10) reported that the affinity to nifedipine differed considerably in each vascular tissue. Thus, A0i values are affected by the amount of nifedipine-sensitive calcium ions and the nifedipine affinity of each tissue. Therefore, specific conclusions about the amount of nifedipinesensitive calcium ions in the various tissues cannot be made in the present study.
Analyses of the relaxation curves of smooth muscle strips yielded two to three components. Relaxation curves of smooth muscle strips which showed rapid relaxation (renal and superior mesenteric arteries, Fig. 1 ) were generally composed of three components. Although the k2 value was largest for the coronary artery, the relaxation curve was composed of only two components (Fig. 2) . Since the coronary artery had the thinnest vascular wall, the availability of the third component is not dependent upon the thickness of the arterial wall. The k2 value for the coronary artery may actually include both the k2 and k3 values, since the A03 is so small that a third component could not be differentiated.
The k1 values showed statistically significant differences between the celiac artery and the renal artery, and between the coronary artery and the superior mesenteric and celiac arteries. The value (A01 fraction) of the renal artery was the smallest (4, 6) , showing that the relaxation of the vessel was almost complete during the rapid relaxation phase. On the other hand, the k1 of the coronary artery was 0, and the A01 fraction was 22.3, suggesting that the coronary artery relaxed only to a limited degree with 10-6M of nifedipine. The initial nifedipine-induced rapid relaxation was prominent in the renal, superior mesenteric, celiac, and coronary arteries, as evidenced by the k2 and k3 values of these vessels. From these results, it is suggested that the nifedipine-induced relaxation of the renal artery is the most rapid and complete, followed by the superior mesenteric artery. The relaxation of the coronary and celiac arteries is also rapid but of a limited degree. The common carotid and femoral arteries showed a slow, limited relaxation. Ekelund11) reported that nifedipine increased the renal blood flow (Klutsch et al12)) and the hepatic blood flow (Mostbeck et al13) ) by 6 to 25%. These results may be partly explained by the results obtained in the present study.
Although the mechanisms of smooth muscle contraction induced by norepinephrine and a high potassium solution are not identical,14) nifedipine inhibits contraction in both of these conditions. These data then, suggest that nifedipine causes nonspecific inhibition of the calcium flux of smooth muscle cells. If the dependence of vascular smooth muscle cells on the influx of extracellular calcium during contractions is of the same order as shown in this study, represented by the rapidity and extent of relaxation of each tissue, then the drug should be expected to have beneficial effect in the treatment of congestive heart failure and hypertension with impaired renal and coronary circulation.
